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Antibacterial and mechanical properties of propolis added to glass

ionomer cement

Erdem Hatunoğlua; Fırat Öztürkb; Tuğça Bilenlerc; Sertaç Aksakallıd; Neslihan Şimşeke

ABSTRACT
Objective: To investigate whether adding ethanolic extracts of propolis (EEP) might influence the
antibacterial and mechanical (shear-peel band strength [SPBS]) properties of conventional glass
ionomer cement (GIC) used in orthodontic band cementation.
Materials and Methods: The cement was divided into four groups: one using the original
composition and three with 10%, 25%, and 50% EEP added to the liquid and then manipulated. An
antimicrobial assay, broth-dilution method was used to determine the antibacterial capacity of the
GIC containing EEP. Eighty teeth were used for the mechanical assay, and an Instron testing
machine was used to evaluate the SPBS. Kolmogorov-Smirnov and Kruskal-Wallis tests were used
for statistical analyses.
Results: GIC with the addition of 25% and 50% EEP activated inhibition of Streptococcus mutans
(ATCC 25175) growth, but this effect did not occur in the group to which 10% EEP was added or in
the control GIC group. There was no significant difference between the groups in terms of SPBS
(P . .05).
Conclusions: The addition of EEP may increase antibacterial properties without negatively
modifying the mechanical properties of conventional GIC. (Angle Orthod. 2014;84:368–373.)
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INTRODUCTION

During the orthodontic treatment period, practition-
ers expect to find plaque accumulation around the
orthodontic fixed appliances, primarily around brackets
and at the cervical margins of the bands, because of
the patients’ difficulty in maintaining hygiene and the
large number of sites available for microbial coloniza-
tion.1 A problem experienced by many orthodontists
and patients is the development of enamel deminer-

alization and even caries and hyperplastic gingivitis
in these areas after the use of brackets and bands
bonded and cemented to teeth. Orthodontic cements
have been used for band cementation, and although
they enhance the adhesion between the band and
teeth, unfavorable properties are found in many of
these cements, such as high solubility in oral fluids and
low bond strengths, which may contribute to deminer-
alization beneath the bands.2–4

Glass ionomer cements (GICs) are the most
commonly used material for band cementation. This
material exhibits a continuous release and uptake of
fluoride, which creates certain antibacterial activities.5–7

Conventional GIC has an antibacterial effect against a
small spectrum of microorganisms and a low bacteri-
cide potential. Therefore, GIC may not prevent plaque
proliferation and development of caries and periodon-
tal disease in some patients.6–8 Caries is a disease
usually associated with Streptococcus mutans. There-
fore, it is important to evaluate the interaction of
orthodontic cements with these bacteria along with
their effect on adhesion, bacterial viability, and biofilm
formation.9,10

Reports in the literature show that propolis is a
natural material with bactericidal activity, and several
in vitro and some in vivo studies have shown that it has
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potential for use in the treatment of bacterial diseas-
es.11–13 Furthermore, concerning bactericidal activity,
scholars conducting epidemiologic studies have de-
tected that propolis has many pharmacologic proper-
ties, such as antifungal, antiviral, antioxidant, antitu-
mor, and anti-inflammatory effects among others.12

These researchers have associated two mechanisms
with the anti-caries properties of propolis: antimicrobial
activity against cariogenic bacteria and inhibition of
glucosyltransferase activity.13 Although several studies
have demonstrated propolis’s variable activity against
different bacteria and its antibacterial activity on oral
microorganisms, very few researchers have studied its
effect on the mechanical properties of oral applianc-
es.11,12 The purpose of this study was to evaluate the
antibacterial and mechanical properties of GIC with
ethanolic extracts of propolis (EEP).

MATERIALS AND METHODS

Preparation of Propolis Extract

Pure propolis was produced for use in this study
by honeybees (Apis mellifera L) in Bingöl, Turkey.
Propolis samples were frozen at 220uC. These
samples were ground (ZM 200, Retsch, Haan,
Germany) and bottled in 25 g portion. Then each 25 g
sample of propolis was dissolved in 250 mL of ethanol
80% (vol/vol) using a magnetic mixer for 24 hours at
room temperature. Next, rough particles were removed
from the propolis extract using a filter, and the
suspension was separated by centrifugation at
8800 rpm for 30 minutes to produce EEP. Samples
were kept at room temperature in the dark until they
were used.

Preparation of Propolis Containing GIC

EEP was added to the GIC liquid in the following
proportions: 10%, 25%, 50%. Samples were then
prepared containing the conventional GIC liquid and
the three new solutions. Preparation of propolis
containing GIC, assessment of shear-peel band
strength (SPBS), and analysis of antibacterial tests
were done blindly.

Antimicrobial Assay

The microorganisms and growth condtions. The
antimicrobial activity of GIC with EEP was tested on S
mutans (ATCC 25175) that was obtained by Refik
Saydam National Public Health Agency in Ankara,
Turkey. S mutans is a gram-positive bacterium that
causes tooth decay. The test organism was main-
tained on brain heart infusion agar (Merck, Darmstadt,
Germany) at +4uC until it was used. The microorgan-
ism cultures were activated by transferring them into

the brain heart infusion broth, and then they were
incubated at 37uC for 2 hours; hence, the overnight
culture of S mutans was obtained.

Minimal Inhibitory Concentrations (MICs). For the
antimicrobial assay, we used the broth dilution method
developed by Andrews14 to determine the antibacterial
capacity of GIC with EEP. The MIC value of GIC, EEP,
and GIC with EEP (50%, 25%, 10%) for S mutans was
described as the lowest concentration where the
microorganism was inhibited.

After the GIC samples with different EEP concen-
trations were prepared by adding 1 unit powder (GIC)
and 1 drop of liquid containing each of the concentra-
tions, they were mixed and dried and placed into
groups with three different concentrations of GIC with
EEP. Using the stock solutions of GIC and GIC with
EEP (50%, 25%, 10%), we prepared standard antibi-
otics using sterile Mueller Hinton broth (MHB), which
contains 10% dimethyl sulfoxide.

Twofold serial dilutions of the GIC and GIC with EEP
in stock solutions were arranged in test tubes
containing 1000 mg/mL to 3.9 mg/mL of sterile MHB.
We ended up with a series of test tubes in which the
density of antibacterial substances was reduced in
each step. In other words, the first tube’s density was
1000 mg/mL, and the density of the last tube was
3.9 mg/mL. These tubes containing fresh MHB and
100 mL of overnight culture of each of the microorgan-
isms were standardized to approximately 108 colony-
forming units/mL (using McFarland no. 0.5). Then we
studied the contents of these tubes to find out which
had the lowest concentration of antibacterial activity
and the lowest MIC value.

Mechanical Assay

Eighty healthy human permanent premolars extract-
ed for orthodontic reasons were collected from the
Surgery Clinic of the Faculty of Dentistry of Inonu
University. The following criteria were used for tooth
selection: no cracks, restorations, surface defects, or
caries. After extraction, the teeth were stored in a 0.5%
chloramine T solution for 1 week and then transferred
to distilled water kept at room temperature until the
experiments took place (a maximum of 4 months).

The premolars were randomly divided into four
groups. Each group received equal numbers of
maxillary and mandibular premolars. These teeth were
then placed in a plastic model and filled with cold-cure
acrylic resin approximating the height of normal bone.
The resin was allowed to set, leaving only a few
millimeters of the crown protruding between the band
and the resin. The axial plane of each tooth was
oriented parallel to the plunger of the testing machine.
This configuration allowed all forces to be directed

EFFECT OF PROPOLIS ADDED TO GIC 369

Angle Orthodontist, Vol 84, No 2, 2014

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



parallel to the long axis of the tooth during debanding.
The teeth were cleaned with water/pumice slurry in
brushes at a slow speed for 15 seconds, then rinsed
and dried with an air stream for 10 seconds each.

Stainless steel orthodontic premolar bands (Victory
Series, 3M Unitek, Monrovia, Calif) with buccal and
lingual attachments were fitted and seated around the
teeth, including adaptation of the margins with a band
seater. All bands were selected and placed by one
researcher to eliminate any operator bias in band
positioning and fitting. Each band was cemented in
place with its specific cement (Figure 1). Excess cement
was removed from the occlusal and cervical margins of
the band so that it would not influence the results.

All specimens were then stored in distilled water at
37uC for 24 hours before band retention was measured
because maximum band retention is obtained 24 hours
after cementation. An Instron testing machine (TSTM
02500, Elista, Turkey) was used for the SPBS test at a
crosshead speed of 1 mm/min. The force was applied
using a 0.9-mm diameter stainless steel wire (Den-
taurum, Pforzheim, Germany) from attachments on the
buccal and lingual surface of the bands (Figure 2). The
maximum load necessary to deband was recorded in
newtons. For surface area measurements, bands were
turned into a flat surface by cutting. Then the bands
were scanned using a two-dimensional browser

(Epson Stylus SX235W, Suwa, NGN, Japan). The
data obtained from scanning were transferred into the
software program 3D Doctor version 4.0 (Able Soft-
ware Corp, Lexington, Ky) (Figure 3). The surface area
of the bands was calculated in mm2 and then
converted into megapascals as a ratio of newtons to
surface area of the bands.

Statistical Analysis

The data were analyzed using SPSS for Windows,
version 14.0 (SPSS Inc, Chicago, Ill). Values are
expressed as median (min-max). Suitability of normal
distribution of data in each of the groups was
performed with the Kolmogorov-Smirnov test. The
Kruskal-Wallis test was used to compare the four
groups. The level of significance was set at P , .05.

RESULTS

Table 1 shows the MIC of groups against the S
mutans strains. According to the results obtained using
the broth dilution method, EEP enhances the antibac-
terial effect of GIC. The MIC values of 25% and 50%
EEP added to GIC and pure EEP were 125 mg/mL,
31.2 mg/mL, and 15.7 mg/mL, respectively. In particu-
lar, the MIC value of 50% EEP added to GIC
significantly decreased the bacterial levels, while MIC
values of the pure and 10% EEP were larger than
1000 mg/mL. From these results, it could be seen that
pure propolis has a strong antibacterial activity and a
positive impact on the antibacterial properties of GIC.

Mechanical test results showed that the values did
not have a normal distribution. Although groups 1 and

Figure 1. A specimen was prepared for the SPBS test.

Figure 2. The force was applied using a 0.9-mm diameter stainless

steel wire from attachments on the buccal and lingual surface

of bands.
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2 (1.6 and 1.7 megapascals, respectively) displayed
higher SPBS numbers than the others, no statistically
significant difference was observed (P ..05) among
the groups (P 5 .07). Adding propolis enhanced the
mechanical properties of GIC, but this effect was not
statistically significant (Table 2).

DISCUSSION

Recently, propolis has been the subject of increas-
ing scientific interest because of its diverse range of
biological properties. Propolis extracts have been
recognized for their wide range of pharmacologic
activities, including prevention of oral diseases.15,16

Researchers have shown that propolis has antibacte-
rial, antiviral, and antifungal properties.17–19 Moreover,
studies have shown that propolis offers substantial
protection against cariogenic bacteria and oral patho-
gens.20 Many products on the world market contain
propolis, such as ethanol extracts, toothpastes, and
mouth rinses.

The cariogenic microbacteria include S mutans,
Lactobacillus, and some Actinomyces species. There
is a significant increase in the levels of cariogenic
bacteria in the saliva and plaque of patients undergo-
ing fixed appliance treatment.21,22 However, during the
initial phase of caries growth, S mutans is the most
frequently associated microorganism.11 S mutans was
used in this study to examine antibacterial activity
because it is considered to be the primary organism
responsible for enamel demineralization.

The agar diffusion test, direct-contact test, and
broth-dilution methods were used to perform the
antibacterial evaluation. Growth of the S mutans was
investigated using the broth-dilution method in the
present study, following the method of a previous
study by Andrews,14 because the broth-dilution method
with a liquid culture medium is like the oral environ-

ment and GIC is a solid material that is difficult to make
soluble in a solid culture medium such as the agar
diffusion test.

Chlorhexidine, antibiotics, and titanium dioxide
nanoparticles were added to GIC in previous studies.
Adding chlorhexidine to GIC increased the antibacte-
rial properties and had no deleterious effect on the
mechanical properties (diameter tensile strength,
shear bond strength) of GIC.6,23,24 Adding antibiotics
to GIC enhanced antibacterial activity, but Yesilyurt et
al.25 showed that the antibiotic negatively affected the
mechanical properties (compressive and bond
strength) of GIC. Castilho et al.26 found that antibiotics
have negative effects on compressive strength, but the
finding was not statistically significant. Elsaka et al.27

observed that titanium dioxide nanoparticles improved
the antibacterial properties of GIC and increased the
bond strength insignificantly. This study showed that
adding EEP to GIC increased antibacterial activity of
GIC against S mutans.

Kouidhi et al.28 found that EEP has positive effects,
especially against S mutans, S mitis, S oralis, S
pyogenes, S sanguis, S salivarius, S constellatus, and
Gemella morbillorum. In this study, we found that
adding EEP to GIC increases the antibacterial activity
of GIC.

All of the researchers mentioned earlier found
increased antibacterial activity and no negative im-
pact on mechanical characteristics. Propolis, a natural
material, has similar properties, and currently, most
researchers think that standardized preparations of
propolis are safe and less toxic than many other
synthetic medicines.29,30

We found that in this study the MIC value of Turkish
propolis was 15.7 mg/mL. MIC values of Brazilian and
Tunisian propolis against S mutans were 50–400 mg/
mL and 8–32 mg/mL, respectively.28,31 This change in
the MIC values is related to differences in the regional
ecology. Its chemical composition changes its antibac-
terial activity, but all samples exhibited significant
antibacterial and antifungal activity.16 Kujumgiev et al.12

tested the antibacterial activity of 11 different propolis
samples from different geographical regions and found
that all samples were active against gram-positive
bacterial test strains.

In our study, we evaluated antibacterial and me-
chanical properties of propolis. The results of the
mechanical test revealed that adding propolis in-
creased SPBS, but this change was not statistically

Figure 3. The surface area of the bands was calculated using the 3D

Doctor software program.

Table 1. MICs of Groups Against the S mutans Strains

EEP GIC + 50% EEP GIC + 25% EEP GIC + 10% EEP GIC Ampicillin Gentamicin

MIC value of groups 15.7 mg/mL 31.2 mg/mL 125 mg/mL .1000 mg/mL .1000 mg/mL 3.9 mg/mL 7.8 mg/mL
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significant. Troca et al.32 used a diametral tensile
strength test to show that adding propolis has a
negative effect on GIC. We think these controversies
may come from the directions of forces of the test
methods. Propolis may enhance the chemical adhe-
sion of GIC. There are very few studies about how
propolis affects the mechanical characteristics of
cements. For a better understanding of mechanical
properties, further studies should be performed.
According to our experience, we found adding propolis
to the liquid of GIC makes the liquid less viscous and
prolongs the working time. However, the longer
working time was at the low level, so this would not
create any problems during the clinical application. We
think these results should encourage the use of
propolis in clinical practice.

CONCLUSIONS

N Adding EEP increases the antibacterial effects of
orthodontic cements.

N Adding EEP insignificantly enhances the mechanical
properties.
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